Local human population increase in the non-breeding areas of long-distance migrant bird species is only weakly associated with their declines, even for synanthropic species by Cresswell, Will et al.
Diversity and Distributions. 2019;00:1–12.	 	 	 | 	1wileyonlinelibrary.com/journal/ddi
 
Received:	12	January	2019  |  Revised:	3	October	2019  |  Accepted:	22	October	2019
DOI:	10.1111/ddi.13006		
B I O D I V E R S I T Y  R E S E A R C H
Local human population increase in the non‐breeding areas of 
long‐distance migrant bird species is only weakly associated 
with their declines, even for synanthropic species





















Methods: We	 mapped	 50	 species	 of	 long-distance	 migrant	 birds	 from	 published	
tagging	 studies	of	126	breeding	populations	and	 identified	 their	breeding	popula-
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1  | INTRODUC TION
Migrant	bird	populations	are	declining	globally,	with	major	declines	
in	 both	 the	Afro-Palaearctic	 (Sanderson,	Donald,	 Pain,	Burfield,	&	
Bommel,	2006;	Vickery	et	al.,	2014)	and	Neotropical	(Holmes,	2007;	
Robbins,	 Sauer,	 Greenberg,	 &	 Droege,	 1989)	 regions.	 Declines	 in	





Kamp,	&	Wymenga,	 2009)	 or	 reduction	 in	 habitat	 quality	 causing	
carry-over	effects	 (e.g.	Saino	et	al.,	2004).	Habitat	change	is	often	
driven	by	increasing	human	populations	(Ellis	&	Ramankutty,	2008;	










It	 is	 important,	 however,	 to	 consider	 change	 in	 human	population	
density	 rather	 than	simply	absolute	human	population	density	be-
cause	we	are	 interested	 in	a	dynamic	process	of	how	bird	popula-
tions	 change	 and	 also	because	bird	population	 trend	data	 cover	 a	
wide	range	of	starting	populations	that	likely	will	have	already	been	







Sargatal,	 Christie,	 &	 Juana,	 2018;	 Faaborg,	 2002;	 Moreau,	 1972)	
and	can	occur	in	relatively	high	density	in	human	modified	habitats	
(Johnson,	 Sherry,	Holmes,	&	Marra,	 2006;	 Jones,	Vickery,	Holt,	&	
Cresswell,	1996;	Karr,	1976;	Wilson	&	Cresswell,	2006),	and	many	
migrants	 are	 generalist	 species	 able	 to	 spend	 the	 non-breeding	
season	 successfully	 in	 mid-successional	 and	 non-pristine	 habitats	







agricultural	 habitats	may	 not	 ultimately	 benefit	 synanthropic	 spe-
cies,	 for	 example,	 because	 agricultural	 increases	 associated	 with	











1.	 migrant	 birds	 are	 declining	 more	 in	 non-breeding	 areas	 with	
greater	 rates	 of	 human	 population	 increase,	 regardless	 of	 ab-
solute	 human	 population	 density,	 and	 so	 decline	 at	 the	 same	
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Our	data	are	prone	 to	 two	potential	 sources	of	error:	 impreci-
sion	 in	 the	 translation	 of	 data	 from	published	 figures	 to	 latitude–
longitude	 coordinates	 via	 Google	 Earth	 (“translation	 error”),	 and	
inaccuracy	of	solar	geolocator-derived	positions	in	the	original	pub-
lished	 data	 (“geolocator	 error”).	 Sensitivity	 analyses	 investigating	
whether	 these	 errors	 influence	 migratory	 connectivity	 measures	






























We	used	bird	breeding	population	 trend	data	 at	 the	 smallest	 spa-
tial	scale	available	from	online	and	published	sources.	For	the	Afro-
Palaearctic,	 this	was	usually	at	the	country	 level	and	came	initially	
from	 individual	 European	 countries	 contributing	 to	 the	 European	
Bird	 Census	 Council	 (EBCC)	 annual	 breeding	 bird	 monitoring	
schemes	 collated	 by	 the	 Pan-European	 Common	 Bird	Monitoring	
scheme.	 The	majority	 of	 data	were	 obtained	 from	 the	 Status	 and	






the	 European	 Environment	 Agency	 were	 missing	 or	 inconsistent,	








population	change	into	three	broad	categories	(increasing, stable and 















using	 the	 raster	 package	 in	R	 (R	Development	 Core	 Team,	 2014).	
These	mean	 values	were	 then	 averaged	 across	 all	 individuals	 in	 a	









An	 index	 of	 agricultural	 intensity	 (increasing	 crop	 yield)	 was	
obtained	 from	 published	 data	 on	 the	 sum	 of	 5-year	 averages	 for	
1995	and	2005	of	yield	for	wheat,	maize,	rice	and	soybean	(http://









intensity	 of	 any	 agriculture	within	 a	 square	where	 there	 is	 a	 crop	
yield	 recorded	 (higher	yields	 in	 a	 square	 indicating	more	 intensive	
farming	on	the	agricultural	land	there).	The	derived	crop	yield	index	




values	 in	 the	Neotropics	 compared	with	 the	Palaearctic	 (Figure	2:	
correlation	between	crop	yield	index	in	2005	and	human	population	
density	change	in	the	Neotropics	had	a	Pearson's	R = .29 and an ad-







and	 2009,	 https	://wcshu	manfo	otpri	nt.org/;	 Venter	 et	 al.,	 2016a,	
2016b),	but	they	correlated	well	with	the	population	measures	used	
for	 the	mean	 non-breeding	 locations	 of	 the	 123	 bird	 populations	














tion	between	 the	 system	and	 the	 relative	change	 in	human	popu-
lation.	We	also	 included	the	 log	of	migration	distance	 (great	circle	
distance	between	breeding	and	non-breeding	sites	calculated	using	
the	 distHaveRsine	 function	 from	 the	 geosphere	 package	 in	R),	 and	
breeding	and	wintering	longitude	and	latitude,	to	control	for	poten-
tial	 confounding	effects	of	 location.	We	 included	a	 random	effect	










Third,	models	were	 repeated	exactly	as	with	 the	 first	and	sec-
ond	 stages	 above	but	 substituting	 in	 relative	 change	 in	 crop	 yield	
index	1995–2005	 and	 crop	 yield	 index	 for	 2005	 (rescaled	 into	 an	
index	approximately	between	0	and	3)	instead	of	human	population	
change	and	human	population	density	to	test	whether	increases	in	
the	 intensity	 of	 agriculture	 predicted	declines	 in	 bird	 populations.	











a	 large	 spatial	 scale	 (Figure	1).	Non-breeding	populations	 sampled	
consisted	of	2–119	individuals	(mean	18.1	±	3.5SE	individuals)	with	a	
spread	of	244–3,984	km	(1,198	±	115SE	km).	Note	that	non-breed-


















2.6 | Sample size and bias










First,	 to	 effectively	 test	whether	 there	 is	 any	 relationship	 be-
tween	 non-breeding	 location	 and	 human	 population	 change	 we	
need	 variation	 in	 human	 population	 change	 there	 and	 removing	
populations	with	small	sample	sizes	homogenises	mean	human	pop-
ulation	change.	As	 sample	 size	 increases,	 so	 the	non-breeding	mi-
gratory	spread	increases	substantially	(adj.	R2	=	.44;	see	Finch	et	al.,	
2017,	Figure	S1),	with	an	asymptote	of	the	order	of	3,500	km	(i.e.	a	
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continental	scale).	Sampling	populations	over	increasingly	large	and	
so	overlapping	non-breeding	ranges	will	 therefore	 lead	to	 increas-
ingly	similar	human	population	change	estimates.	Similarly,	weight-
ing	of	regressions	by	sample	size	would	also	exaggerate	the	effects	
of	populations	homogenized	 for	human	population	 change.	But,	 if	
we	use	sample	size/maximum	non-breeding	spread	we	then	weight	
those	populations	that	have	the	highest	sample	size	relative	to	the	
non-breeding	 spread:	 those	 populations	with	 a	 disproportionately	
larger	sample	size	 for	 their	migratory	spread	are	 likely	 to	be	more	
representatively	sampled.	Weighting	in	this	way	has	only	little	or	no	
biological	or	statistical	affects	(Table	S3).
A	 second,	 and	perhaps	more	 important,	biological	problem	 is	






low	overwinter	 survival	 often	 reduces	 sample	 size	down	 to	 very	
low	 numbers.	 Therefore,	 excluding	 those	 with	 the	 lowest	 sam-
ple	sizes	will	 likely	exclude	those	populations	 that	encounter	 the	
greatest	 rates	 of	 human	population	 change	on	 the	non-breeding	
ground.
3  | RESULTS
3.1 | Hypothesis 1: Migrant birds are declining more 
in non‐breeding areas with greater rates of human 
population increase












 Estimate SE df t value p value
A
(Intercept) 0.23 18.4 100.0 0.013 .99
Human	population	
change
−8.4 3.8 113.0 −2.195 .030
Nearctic	systema −10.3 3.1 103.2 −3.284 .0014
Human	population	
2015
0.0092 0.0075 106.8 1.228 .22
log(Migration	
Distance)
1.6 2.5 102.6 0.632 .53
Breeding	longitude −0.0703 0.022 111.5 −3.128 .0022
Breeding	Latitude −0.16 0.079 110.8 −2.074 .04
Wintering	Longitude 0.0075 0.030 112.1 0.252 .80
Wintering	Latitude 0.021 0.067 79.8 0.311 .76
B
	(Intercept) 15.1 19.2 103.7 0.8 .43
Crop	yield	change 0.87 0.98 110.4 0.9 .36
Nearctic	systema −9.0 3.0 107.06 −2.9 .0035
Crop	yield	2005 −1.3 0.58 83.3 −2.2 .031
log(Migration	
Distance)
−0.88 2.6 103.7 −0.3 .73
Breeding	longitude −0.080 0.023 112.6 −3.5 .0007
Breeding	Latitude −0.094 0.080 108.4 −1.2 .24
Wintering	Longitude 0.018 0.030 112.1 0.6 .57
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As	 predicted,	 there	 was	 no	 significant	 difference	 in	 the	 nega-
tive	 gradient	 of	 the	 relationship	 between	 relative	 human	 popula-
tion	 change	 and	 bird	 population	 change	 between	 the	 Neotropics	







did	 not	 have	 statistically	 significant	 effects,	 apart	 from	a	 significant	
negative	correlation	between	both	breeding	longitude	or	latitude	and	
population	change,	with	more	easterly	breeding	populations	 in	both	
systems	 having	 more	 negative	 population	 trends	 (−0.069	 ±	 0.023,	







3.2 | Hypothesis 2: Synanthropic species show 
weaker declines unless declines are driven by 
agricultural intensification
Against	prediction,	synanthropic	species	showed	no	evidence	that	
they	 were	 affected	 by	 human	 population	 change	 differently	 to	
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lation	change,	but	absolute	crop	yield	 index	 (for	2005)	 in	the	non-










t103.5	=	0.4,	p	=	 .71).	The	 interaction	between	change	 in	crop	yield	
and	synanthropic	species	was	also	not	significant	when	included	in	
this	model	 (−1.4	±	2.1,	 t89.7	=	−0.7,	p	=	 .50).	 If	 the	 interactions	are	
removed,	 synanthropic	 species	 show	 no	 difference	 in	 population	














for	 the	Neotropics	 and	Africa,	 despite	 rates	 of	 human	 population	
change	being	about	three	times	 larger	on	average	 in	Africa.	These	
results	 were	 as	 expected:	 as	 human	 populations	 increase,	 habitat	
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human	 population	 change	 operating	 on	 the	 non-breeding	 ground	
was	 relatively	 unimportant.	 But,	 the	 issue	 of	 whether	 including	
small	 sample	 size	 studies	 increases	meaningful	 variation	 in	human	
population	change	is	less	clear.	As	above,	there	may	be	too	few	lo-
cations	to	accurately	represent	range	and	so	the	human	population	












(see	 Figure	 S7).	 And,	 if	 this	 was	 not	meaningful	 variation	 overall,	
we	would	then	not	expect	any	correlation	between	human	and	bird	
population	change—it	would	simply	add	random	noise	at	either	end	
of	 the	 distribution	 of	 human	 population	 change.	 Populations	with	




















It	 is	 important	 to	 note,	 however,	 that	 weak	 correlations	 are	
likely	 to	 arise	methodologically	 because	 of	 the	 scale	 differences	
involved	 in	 monitoring	 breeding	 and	 non-breeding	 populations	
(Cresswell,	 2014).	Bet-hedging	 strategies	 (e.g.	 see	Reilly	&	Reilly,	
2009)	 that	 result	 in	 a	 wide	 spread	 of	 juveniles	 across	 the	 non-














states	 or	 Provinces,	 whereas	 the	 correlated	 human	 population	
change	 data	 come	 in	 most	 cases	 from	 averaging	 across	 a	 much	




Ideally,	 we	 should	 compare	 the	 population	 trends	 for	 separate	
breeding	populations	 that	visit	separate	non-breeding	areas	with	
distinct	 environmental	 conditions,	 at	 the	 same	 scale,	 to	 identify	
non-breeding	drivers	of	population	change,	but	unfortunately	low	
connectivity	in	most	species	precludes	this.	This	is,	however,	one	
of	 the	main	points	of	 this	study:	 to	empirically	confirm	the	weak	
effect	of	non-breeding	conditions	on	population	trends	of	migrant	
birds	generally	because	of	low	connectivity.
The	 mechanism	 for	 the	 weak	 relationship	 between	 change	 in	
human	population	density	and	bird	population	declines	we	observe	















some	 species,	 that	 habitat	 is	 likely	 to	 be	 of	 poor	 quality.	 But,	 our	
use	of	the	crop	yield	index	here	cannot	distinguish	well	between	in-
creased	amount	of	 land	converted	to	agriculture	from	increases	 in	
intensity	 of	 agriculture	 on	 any	 existing	 agricultural	 land.	 Either	 or	
both	may	lead	to	declines	in	populations	of	migrants,	and	it	is	possi-
ble	that	the	former	may	apply	more	strongly	in	Africa	and	the	latter	
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data,	or	because	 there	was	 relatively	 little	 change	 in	 intensity	be-
tween	1995	and	2005.
We	 found	 the	 relationship	 between	 change	 in	 human	 popula-
tion	density	or	crop	yield	and	bird	population	density	to	be	steeper 
for	 synanthropic	 species	 (although	 the	 difference	was	 not	 signifi-





ability	 of	 non-breeding	 habitat,	 fro	 example	 Northern	Wheatears	
Oenanthe oenanthe	 (Wilson	 &	 Cresswell,	 2010)	 and	 Bobolinks	
Dolichonyx oryzivorus	(Renfrew,	Hill,	Kim,	Romanek,	&	Perlut,	2017)	
that	use	 intensively	 farmed	habitat,	 however,	 this	 is	not	occurring	
in	sufficient	numbers	of	populations	or	strongly	enough	to	change	




minor	 one),	 but	more	 importantly	 they	 suggest	 that	 this	 is	 regard-
less	 of	 whether	 a	 species	 can	 use	 anthropogenic	 habitats	 or	 not.	
Agricultural	 expansion	 and	 intensification	 may	 then	 be	 a	 mecha-
nism	 for	 the	migrant	 bird	 declines	 (Frenzel,	 Everaars,	&	 Schweiger,	
2016):	 increasing	 human	 populations	 reduce	 the	 carrying	 capacity	
of	any	habitat	because	increasing	land	for	agriculture	and	increasing	
agricultural	output	on	 that	 land	 leaves	 little	 room	for	other	species	
(Gaston,	Blackburn,	&	Goldewijk,	2003;	Henderson,	Fuller,	Conway,	
&	Gough,	2004;	Reif,	2013).	Carrying	capacity	for	non-synanthropic	
species	 is	 likely	 reduced	 through	habitat	 loss	 and	carrying	 capacity	
for	 synanthropic	 species	 is	 reduced	 through	 reduction	 in	 habitat	
quality.	The	situation	we	observe	in	this	study	in	developing	south-
ern	 countries	 possibly	 then	 parallels	 what	 happened	 to	 European	
and	 North	 American	 resident	 bird	 populations	 during	 the	 agricul-
tural	intensifications	that	reduced	carrying	capacity	there	in	the	last	
century	 (Chamberlain,	 Fuller,	 Bunce,	 Duckworth,	 &	 Shrubb,	 2000;	
Donald,	Green,	&	Heath,	2001;	Stanton,	Morrissey,	&	Clark,	2018).	





then	 be	 simply	 picking	 up	 the	 effect	 of	 agricultural	 expansion	 and	
intensification	 on	 bird	 populations	 generally—both	 residents	 and	











But,	 the	most	 important	 result	of	 this	 study	 is	 that	 local	human	
population	 change	 in	 tropical	 non-breeding	 areas	may	 be	 relatively	
minor	 factor	 in	 influencing	migrant	 population	 dynamics:	 conserva-
tion	management	of	staging	areas	and	the	breeding	areas	may	have	


























survive,	 on	 agricultural	 land	 (e.g.	 land-sharing	 solutions)	 in	 tropical	
areas	 and	 particularly	Africa,	where	 even	 local	 baseline	 biodiversity	
monitoring	is	lacking	(Cresswell,	2018).
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